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taATKWHiP  Of  VENOUS  KESSUBf  TO  OfUAraMOWC  PRESSUK 

k  CmparisM  tf  CmImoms  P«iHh«4>reume  Breathing  by  Mask 
mN  by  Helmet 


Modern  aircraft  fly  at  altitudes  where  man 
cannot  exist  without  respiratory  aid.  Failure 
of  pressurization  of  an  aircraft  above  ftO.non 
feet  will  lend  to  loss  of  useful  consciousness 
of  the  occupants  in  less  than  15  seconds  (8). 
Breathing  1C1  percent  oxygen  will  prolong  use¬ 
ful  consciousness  at  this  altitude  only  if  it  is 
breathed  under  pressure. 

Pressure  breathing  is  a  useful  emergency 
measure  to  allow  descent  in  ease  of  cabin 
decompression  at  very  high  altitude,  and  it 
is  still  used  to  increase  altitude  capability  in 
unpre.ssuruted  aircraft. 

The  desired  effect  of  pressure  breathing  is 
to  inerea.-e  the  arterial  oxygen  tension.  This 
is  ficcoinplislied  by  increasing  the  oxygen  ten¬ 
sion  in  the  lungs.  As  this  desired  effect 
occurs,  thi  increase  in  lung  tension  has  a 
deleterious  effect  on  the  circulation  (I.11.J.5). 
This  effect  is  first  manifested  by  an  increase 
in  intrathoracic  venous  pressure  (7).  which 
adversely  affects  the  venous  return  to  the 
heart  f‘2). 

Pressure  breathing  is  commonly  accom¬ 
plished  by  mask  or  bv  helmet.  Both  of  these 
methods  cause  an  increase  in  in! rut huritclc 
venous  pressure,  but  the  effects  on  venous 
return  from  the  head  to  the  heart  should  be 
different  by  the  two  methods. 

This  study  will  compare  the  venous-pressure 
change*  caused  by  continuous  posit  ive-presaurw 
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breathing  by  mask  and  by  helmet  aa  an  ap¬ 
proach  toward  determining  whicii  method  of 
pressure  breathing  may  be  more  fuvorable  for 
venous  return  from  the  head  to  the  heart. 

METHODS 

Dogs  were  used  in  these  studies  because  it 
was  not  feasible  to  make  these  direct  venous 
measurements  on  human  subjects.  To  Btudy 
continuous  positive-pressure  breathing  and  to 
change  rapidly  from  mask  breathing  to  helmet 
breathing,  a  special  respirator  was  built 
(fig.  1). 


h-fperitt  total  *»  t  ap:  It,  respirator*  1%  iw  snare* 
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This  respirator  had  a  large  chamber  for 
the  dog’s  body  and  a  smaller  thamoer  for  the 
dog's  head.  The  two  chambers  were  separated 
by  a  partition  which  contained  an  adjustable 
respirator  collar.  The  two  chambers  h;-;.* 
separate  covers  so  that  they  coukl  each  be  left 
open  or  sealed  airtight.  Each  cover  had  a  deur 
leucite  panel  so  that  the  dog  could  be  observed 
inside  the  respirator. 

A  motor-driven,  pressure  vacuum  pump  was 
mounted  on  the  side  of  the  respirator.  This 
pump  could  supply  positive  pressure  i<>  the 
head  chamlier  or  to  the  spirometer  from  which 
the  d»g  breathed,  or  to  both  simulbuieously. 
Thus,  the  lungs  ami  head  could  lie  pressurized 
to  simulate  helmet  breathing,  or  the  lungs 
alone  could  Is.*  pressurized  to  simulate  mask 
breathing.  In  either  ease,  the  body  chain  tier 
was  left  at  ambient  pressure.  Negative  pre 
sura  could  be  created  in  the  InhI.v  coni|iartment 
to  produce  jMisitive-prassure  breuthing  by  still 
another  method,  although  this  method  was  not 
used  in  this  study. 

The  exfierimental  animal  was  at  all  times 
connected  to  the  spirometer  via  a  tracheal 
cannula.  When  the  pump  was  not  pressurizing 
the  spirometer,  the  dog  was  breathing  at 
ambient  pressure;  when  the  spirometer  alone 
was  pressurized,  the  dog  was  pressure-breath¬ 
ing  by  “mask";  when  positive  pressure  was 
applied  to  the  spirometer  and  head  chamlier 
simultaneously,  the  dog  was  pressur»*-brenthing 
by  '’helmet."  By  simply  changing  the  position 
of  a  three-way  valve  on  the  output  side  of 
the  pump,  normal  breathing,  prassur.  breath¬ 
ing  h\  “mask."  and  pressure  breathing  by 
“helmet”  could  be  studied  in  quick  succession. 

Pulmonary  volumes  were  recorded  from  a 
13-liter,  oxygen-filled  spirometer  with  u  COs 
absorber.  This  spirometer  had  been  uanllfieU 
to  permit  its  use  for  pressure  breathing.  A 
dome  had  been  fitted  over  the  spimmetiT  bell 
amt  secured  to  the  outer  wall  of  the  water 
coniiutrlmcnt  so  that  the  »*•!!  moved  freely 
within  the  dome.  When  ih.  i!oi,;e  was  pres- 
surizci’,  the  pressure  was  transmitted  to  the 


spirometer  bet  awl  through  tht  connecting 
tubes  through  the  wall  of  the  head  chamber 
into  the  tracheal  cannula  and  Into  the  lunga  of 
the  dog. 

Six  mongrel  dogs  were  studied.  Before 
being  placed  in  the  respirator,  they  were  pre- 
iisrcil  in  the  following  manner:  They  were 
aneMhet  zed  with  intravenous  sodium  pento¬ 
barbital.  A  tracheotomy  was  then  performed 
and  a  tight-fitting  cannula  was  tied  into  the 
trachea.  The  right  jugular  vein  was  exiiosed 
in  the  neck,  and  two  catheters  were  inserted. 
One  catheter  was  directed  downward  so  that  its 
tip  was  intrathoraclc  and  in  the  superior  vena 
cava  just  above  the  heart;  its  position  was 
verified  at  autopsy.  Tne  other  catheter  was 
directed  rephaiad  so  that  it  recorded  extra- 
thoracic  (jugular)  venous  pressure  in  the  head. 
Both  of  tite  catheters  were  inserted  through 
needle  punctures  of  the  vein  wall  and  did  not 
occlude  the  lumen  of  the  vein.  An  esophageal 
balloon  was  placed  in  the  esophagus  to  record 
intrapleural  pressure  (1). 

The  dog  was  then  placed  in  the  respirator, 
and  the  trachea!  cannula  was  connected  to  the 
spirometer.  Differential  strain  gages  were 
connected  between  (a)  the  esophagus  and 
ambient  pressure,  (<>)  the  trachea  and  ambient 
pressure,  <c)  the  trachea  and  esophagus,  (d) 
the  suijcrinr  Vena  cava  and  ambient  pressure, 
and  (e)  the  right  jugular  vein  and  ambient 
pressure.  Continuous  records  were  thus  ob¬ 
tained  of  iipruthoracie  pressure,  pulmonic  pres¬ 
sure.  trauspulmonary  pressure,  superior  vena 
cava  pressure,  and  right  jugular  vein  pressure. 
A  continuous  spirogram  was  recorded  by  the 
sphometer 

Records  were  rosde  with  the  dog  breathing 
at  ambient  pressure  and  ai  410,  p20,  4-80, 
and  440  cm.  IIjO  pulmonic  pressure  applied 
by  “mask”  and  “helmet.’*  The  pressures  were 
applied  in  succession  and  maintained  at  each 
level  for  approximately  two  minutes.  All 
measurements  were  obtained,  as  indicated  by 
the  method,  with  the  animals  in  the  supine 
IMisition. 


FINDINGS 


Musk  pressure  breathing 

With  increasing  pulmonic  pressure,  the  Hu¬ 
pei  ior  Venn  cava  pressure  rose  from  an  average 
of  1  riu.  II. 0  at  iuninent  pressure  to  an 
average  of  •  2-1  fin  11-0  when  -10  cm.  11.0  of 
intrapuln.onie  pressure  was  applied  < fill-  -)• 
At  lie  same  time,  the  jugular  venous  pressure 
rose  from  an  avera.ee  of  ••  1 1  cm.  Ii^O  at  am¬ 
bient  pressure  to  •  cm.  ll.o  when  *  Hi  cm. 
II..O  iif  intrupulmonic  pressure  was  applied.  The 
difference  between  jugular  venous  pressun- 
amt  superior  vena  cava  pressure  varied  from 

•  12cm.  11.0  at  umhient  pressure  to  Hem.  tl  <) 
when  •  to  cm.  II  .O  of  intrapuhu.iiio  pressure 
Was  appliiil.  indicating  that  at  thesi>  high 
pressures  blend  flow  from  head  to  heart  virtu¬ 
ally  ceases. 

Helmet  pressure  breathing 

\\ ith  inereasiue  intrapulnionie  pressure, 
the  superior  van. »  eava  pressure  ros.-  from  an 
avers. ve  ,,f  I  >  m.  II  O  at  ambient  presrure 
to  an  average  of  _*  i  cm.  II  0  am  11  !"  cm. 

II. o  <if  iiitrupnlinonic  pressuiv  was  upplh-d 
(fill.  3>.  At  i  he  same  lime,  the  jugular  v*»n  ius 
pressure  rose  from  an  average  of  11  cm.  11.0 
at  ambient  pr  --ure  to  42  cm.  Il.-O  when 

•  •in  cm.  IIjO  of  int rapulmonic  pressure  was 
applied.  The  difference  lietween  jugular  ve¬ 
nous  pressure  and  superior  vena  cava  pressure 
varied  from  ♦  12  cm.  H-O  at  ambient  pressure 
to  *  is  i  m.  If  .0  when  •  Hi  cm.  1 1-0  of  inlrapul- 
nionie  pressure  was  nppli>d.  In  this  case, 
contrary  to  the  “mask”  situation,  pressure 
grit'll'  nts  for  blood  liow  from  head  to  heart 
an  even  more  favoruble  than  normal. 

For  mask  pressure  breathing,  the  differ- 

•  ntiul  venous  pressure  from  head  to  'heet 
ffig.  li  vi. rnsl  from  ♦  12  cm.  11-0  at  ambient 
pressure  to  0  cm.  H^O  at  •  10  cm.  IIjO  intra- 
t'tiln.i.mc  pre.s.-ure.  For  helmet  pressure 
breathing,  the  differential  venous  pressure 
from  head  to  ehest  varied  from  *  12  cm.  IIjO 
at  tiubeuit  prvsnre  to  :  18  cm.  IIjO  «t 

Hi  .*m.  1 1.0  of  inir*tpti!moni<*  pressure. 


FIGURE  2 

Hi  latiim  uf  .-(mum*  prrtmre  to  intrapHlnmnie  prel¬ 
im  re:  eiiuliiiiiiiu*  pititiiv-prniHre  breathing  by  mask. 
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DISCTSSION 

The  venous  return  from  the  head  to  the 
heart  is  inf !u<-ii«*«hI  by  the  pressure  gradient 
bohvii'ii  the  veins  of  the  head  and  the  veins 
in  the  ehest  (7).  .Vorinall.v.  the  venous  pres¬ 
sure  in  tiie  ehest  is  slightly  below  ambient 
pressure  while  the  venous  pressure  in  the  neck 
and  head,  particularly  in  the  supine  position,  is 
slightly  aljove  anihient  pressure.  This  normal 
pressure  gradient  facilitates  the  return  of 
venous  blood  to  tin-  heart. 

When  inlrapuiinonie  pressure  is  increased, 
a  considerable  amount  of  this  pressure  is  trans¬ 
mittal  to  the  great  veins  in  the  ehest  and  tnus 
the  pressure  in  these  veins  is  also  increased. 
Since  these  veins  are  collapsible  structures, 
the  pressure  in  them  must  always  Ih>  slightly 
greater  than  intrathoracie  pressure  if  blood  is 
to  return  to  the  heart,  lu  order  for  venous 
blood  to  return  from  the  head  to  the  chest, 
the  pressure  of  the  venous  Mood  in  the  head 
must  be  increased  above  that  of  the  veins  in 
the  chest. 

When  increased  intrapulmonic  pressure  is 
applied  by  mask,  venous  pressure  in  the  chest 
is  increased  as  discussed  above.  This  increased 
venous  pressure  in  transmitted  backward  to 
the  veins  in  the  neck  and  head.  Mince  many  of 
the  veins  on  (tie  periphery  of  the  peek  and  head 
are  embedded  in  relatively  loose  surrounding 


tissues  and  sine*  veins  are  distensible  struc¬ 
tures,  the  increased  back  pressure  from  the 
veins  in  the  chest  causes  these  neck  and  head 
veins  to  distend.  Thus,  with  mask  pressure 
th-re  is  venous  distension  in  the  neck  and  head. 
With  this  venous  distention  there  is  increase 
in  venous  volume  in  tiie  neck  snd  head  and 
relatively  lass  rise  in  venous  pressure  aa  com¬ 
pared  to  the  rise  in  venous  pressure  in  the 
/hest. 

When  increased  intr..pulmonic  pressure  Is 
applied  hv  hclnn  t,  venous  pressure  in  the  chest 
is  again  increased  as  discussed  above;  however, 
since  the  head  and  mark  are  enclosed  in  the 
helmet,  the  increased  pressure  applied  by  the 
helmet  is  directly  applied  to  the  head  and  neck 
as  veil  as  fo  the  respiratory  tract  and  lungs. 
Thus,  all  hough  venous  pressure  in  the  chest 
is  increased,  the  venous  pressure  in  the  head  j 
and  neck  is  increased  hy  at  least  an  equal 
amount  Ijcrause  the  head  and  neck  are  enclosed 
in  the  helmet. 

It  ha.-  been  shown  that  with  increased 
intrapnhnonic  pressure  applied  by  mask,  the 
pressure  in  the  superior  vena  cava  rose  with 
the  increase  in  inlrapulmonic  pressure.  The 
pressure  in  the  jugular  vein  did  not  rise  sharply 
during  this  period  and  at  f  40  cm.  intrapul- 
monic  pressure,  the  jugular  pressure  and  su¬ 
perior  vena  cava  pressure  were  essentially 
equal.  This  increase  in  suiwrior  vena  cava 
pressure,  accompanied  by  a  lesser  rise  in  jugu¬ 
lar  vein  pressure,  created  a  pressure  gradient 
that  became  increasingly  ndverse  for  venous 
return  from  the  head  to  the  chest  as  intra- 
pulmonic  pressure  was  increased. 

With  increased  intrapulmonic  pressure  ap¬ 
plied  by  helmet,  the  venous  pressure  relation¬ 
ship  lietween  the  head  ami  the  ehest  was 
different  from  that  seen  with  mask  breathing. 
With  increase  in  intrapulmonic  pressure,  the 
pressure  in  the  superior  vena  eava  again  rose; 
however,  the  jugular  vein  pressure  also  rose  | 
directly  with  increased  intrapulmonic  pressure, 
and  at  any  |Niint  in  the  increase  of  intru- 
pulmonic  pressure,  U,e  jugular  venous  pressure 
n»i;«*  bv  rn  amount  greater  than  the  correspond¬ 
ing  rise  in  superior  vena  eava  pressure.  This 
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pressure  gradient  wa.s  favorable  for  the  return 
of  venous  blood  from  the  head  to  the  chest. 

SUMMARY 

During  continuous  positive-pi  cssure  breath, 
ing  by  mask,  the  superior  vena  cava  pressure 
pose  relatively  more  than  did  the  jugular 
venous  pressure;  thus  a  relatively  unfavorable 
venous  pressure  gradient  was  established  for 
the  return  of  blood  from  the  head  to  the  heart. 


During  continuous  po.;itive.pressure  breath¬ 
ing  by  helmet,  the  jugular  enous  pressure 
rose  relatively  more  than  did  the  auperior  vena 
cava  pressure;  thus  a  favorable  venous  pres¬ 
sure  gradient  was  established  for  the  return 
of  blood  from  the  head  to  the  heart. 

From  the  standpoint  of  pressure  gradients, 
venous  return  from  the  head  to  the  heart  was 
more  favorable  when  pressure-breathing  by 
helmet  than  when  pressure-breathing  by  nuiak. 
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